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ABSTRACT 
 
Gary R Tucker Jr. 
Relationship of the Mandibular Canal and Fixation Placement to Sensory Alteration 
following Orthognathic Surgery. 
  
(Under the direction of Dr. Ceib Phillips) 
 
Altered sensation is one common sequelae of orthognathic surgery involving the 
mandible.  This pilot study was designed to assess the association of morphological and 
surgical factors related to mandibular canal location and post-surgical neurosensory alteration 
over 2 years as quantified by contact detection in patients having a BSSO.  On both the right 
and left sides the average minimum distance from the lingual cortical plate to the inferior 
alveolar canal (IAC) was less than the distance from the IAC to the buccal cortical plate.  The 
average distance from the surgical fixation screws to the IAC was approximately 1mm less 
on the left side.  There were no consistent statistically significant correlations between the 
anatomical or surgical measured distances and the impairment in contact detection following 
orthognathic surgery.  This methodology will allow for future in depth analysis of anatomical 
relationships and surgery related factors and their effects on sensory alterations following 
orthognathic surgery. 
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SECTION I 
LITERATURE REVIEW 
Altered Sensation Following Orthognathic Surgery 
 There are many risks and benefits for a patient and surgeon to consider when 
evaluating whether or not a patient should choose to have orthognathic surgery.  These 
considerations range from financial costs to time away from work and complications such as 
an undesirable fracture of the mandible and excessive intra-operative bleeding.  Altered 
sensation is another important factor to consider, especially if the surgery will include the 
mandible.  Following orthognathic surgery, most patients will have altered sensation to the 
chin and other areas that are innervated via the mandibular branch of the trigeminal nerve 
bundle (Panula, Finne et al. 2001; Essick, Phillips et al. 2007; Kim and Park 2007). Generally 
this altered sensation is transient and resolves within one year from the time of onset, but the 
altered sensation can continue for extended periods of time and even indefinitely 
(Greenwood and Corbett 2005). 
 Evaluation of sensory loss following surgery can be obtained from patient report or 
objective neurosensory testing  (Thygesen, Bardow et al. 2008). Colella et al reported that 
while more objective measures show less altered sensation than what is reported subjectively, 
the objective tests are a more sensitive measurement (Colella, Cannavale et al. 2007).  
Contact detection, 2 point discrimination, and 2 point perception threshold testing are 
commonly used non-invasive objective measures of sensory loss (Chen, Essick et al. 1995; 
Lemke, Rugh et al. 2000; Phillips, Essick et al. 2006; Essick, Phillips et al. 2007; Phillips, 
Essick et al. 2007; Thygesen, Bardow et al. 2008).  It has been reported that sensory deficits 
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to the area innervated by the inferior alveolar nerve bundle was the most common 
complication following orthognathic surgery, and that it occurred in 32% of patients with 3% 
having a disturbing deficit (Panula, Finne et al. 2001).  Generally most sensory deficits show 
good recovery within six months following bilateral sagittal split osteotomy, but some 
sensory recovery takes longer especially in instances of suspected damage to the nerve 
bundle (Fridrich, Holton et al. 1995). 
 The etiology of altered sensation following mandibular surgery is not entirely known, 
but has been attributed to injury during tissue dissection, direct trauma from the split, 
compression of the nerve following fixation as well as stretching or compression of the nerve 
during and following surgical manipulation (Teltzrow, Kramer et al. 2005; Kim and Park 
2007).  The position, direction, and type of cuts made when separating the ramus from the 
body of the mandible and the location of the rigid fixation screws and plates relative to the 
mandibular canal have been shown to contribute to sensory alterations (August, Marchena et 
al. 1998; Lemke, Rugh et al. 2000; Ylikontiola, Kinnunen et al. 2000; Hashiba, Ueki et al. 
2008; Thygesen, Bardow et al. 2008).  Various technologies and techniques have been used 
to correlate post surgery sensory loss with surgery related procedures, the subject’s anatomy, 
and/or the location of rigid fixation placement.  Using calipers to measure the distance of the 
nerve canal to the buccal cortical plate from CT cross-sections, Yamamoto reported that 
sensory alteration as measured with thermal, 2 point threshold, and light touch discrimination 
was more likely to be present 1 year after the surgery if there was less than 0.8mm between 
the canal and the buccal cortical plate (Yamamoto, Nakamura et al. 2002).  In another study, 
the average of 30 measurements between the osteotomy site and the nerve canal using cross-
sectional views of the mandible were ranked using an ordinal scale based upon groupings of 
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millimeter measurements and then correlated with sensory loss as determined by trigeminal 
somatosensory evoked potentials (TSEPs) (Nakagawa, Ueki et al. 2003).  That study found 
that there was a strong correlation between sensory alterations and the distance from the 
canal to the site of the split.  The limitation in both of these studies was the reliance on a 2D 
view of the 3 dimensional trajectories of the mandibular canal.  It is also possible that the 
proximity of screws and plates during fixation is as important as the location of the 
osteotomy cut. 
 No study to date has yet combined true 3 dimensional imaging in all 3 planes of space 
of the anatomy of the mandible, the osteotomy cuts and the placement of the rigid fixation 
with quantitative neurosensory testing to assess the impact of these surgical procedures on 
the sensory alteration following a bilateral sagittal split osteotomy. 
 
 
  
SECTION II 
MANUSCRIPT 
INTRODUCTION 
 Altered sensation following surgery to advance or setback the mandible is common 
and can have a variable duration and range of severity.  Generally this altered sensation is 
transient and resolves within one year following the surgery, but the altered sensation can 
continue for extended periods of time and even indefinitely (Greenwood and Corbett 2005).  
The etiology of altered sensation following mandibular surgery is not entirely known, but has 
been attributed to injury during tissue dissection, direct trauma from the split, compression of 
the nerve following fixation as well as stretching or compression of the nerve during and 
following surgical manipulation (Teltzrow, Kramer et al. 2005; Kim and Park 2007).  The 
position, direction, and type of cuts made when separating the ramus from the body of the 
mandible and the location of the rigid fixation screws and plates relative to the mandibular 
canal may contribute to sensory alterations (August, Marchena et al. 1998; Lemke, Rugh et 
al. 2000; Ylikontiola, Kinnunen et al. 2000; Hashiba, Ueki et al. 2008; Thygesen, Bardow et 
al. 2008). 
 Various technologies and techniques have been used to correlate post surgery sensory 
alterations with surgery related procedures, the subject’s anatomy, and/or the location of rigid 
fixation placement.  Using calipers to measure the distance of the nerve canal to the buccal 
cortical plate from CT cross-sections, Yamamoto reported that sensory alteration as 
measured with thermal, 2 point threshold, and light touch discrimination was more likely to 
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be present 1 year after the surgery if there was less than 0.8mm between the canal and the 
buccal cortical plate (Yamamoto, Nakamura et al. 2002).  In another study, the average of 30 
measurements between the osteotomy site and the nerve canal using cross-sectional views of 
the mandible were ranked then correlated with sensory loss as determined by trigeminal 
somatosensory evoked potentials (TSEPs) (Nakagawa, Ueki et al. 2003).  A strong 
correlation was reported between sensory alterations and the distance from the canal to the 
site of the split.  The limitation in both of these studies was the reliance on a 2D view of the 3 
dimensional trajectories of the mandibular canal. 
 This study was designed to provide a methodology for using true 3 dimensional 
imaging in all 3 planes of space simultaneously to evaluate the mandibular anatomy and the 
surgery related factors, and combine that data with non-invasive and objective neurosensory 
data to look for relationships between sensory alterations following surgery and anatomical 
and surgical factors in the lower jaw. 
METHODS 
Subjects  
NewTom CBCT scans and contact detection thresholds were available for twelve 
subjects who were concurrently enrolled in Sensory Re-training following Orthognathic 
Surgery (NIH grant DE01367) and Influences on Stability following Orthognathic Surgery 
(NIH grant DE005215).  The inclusion criteria at the time of surgery were as follows:  be 
between the ages of 13 and 50 at the time of surgery; have a developmental dento-facial 
disharmony; have a bilateral sagittal split advancement surgery, with or without an associated 
maxillary surgery; a Cone Beam CT taken before and 4-6 weeks following surgery; contact 
detection threshold data obtained before surgery, 6 weeks, 3 months, 6 months, 12 months, 
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and 24 months after the surgery.  Exclusion criteria for both grants included: previous 
maxillo-facial surgery; a congenital facial syndrome; a history of acute facial trauma; 
pregnancy; a medical condition associated with a systemic neuropathy; or could not 
understand written and spoken English. 
Neurosensory Testing 
Analyses including all time points evaluated in the sensory retraining clinical trial 
indicated that contact detection impairment did not differ between the two exercise groups 
and was not affected by demographic or clinical characteristics (Essick, Phillips et al. 2007; 
Phillips, Essick et al. 2007).  Contact detection was evaluated with nylon filaments 
manufactured by Touch Test Sensory Evaluators.  The mono-filaments are designed to apply 
a specific amount of force when pressed against the skin, and multiple filaments are used, 
each providing a unique amount of force ranging from 0.008 to 300 grams.  For the purposes 
of this study the threshold values were obtained on the right and left sides of the chin were 
used.  To control for the potential of a learning effect, a computer program was used to 
produce a randomly alternating sequence of all sites tested and the monofilament used.  The 
side specific threshold values were log10 transformed prior to analysis with SAS and time 
specific impairment ratios were calculated. 
Three Dimensional Imaging 
High resolution cone beam computed tomography (CBCT) scans were obtained from 
each subject immediately before and four to six after surgery using the NewTom 3G CBCT 
scanner from Aperio Services.  The NewTom CBCT scanner acquired 230mm x 230mm 
field of view with a voxel size of 0.5mm3 in a 70 second scan with the patient lying down in 
a relaxed supine position.  The raw volumetric data was converted to The Digital Imaging 
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and Communications in Medicine (DICOM) format and then imported into Dolphin 10.5 
(9200 Eton Avenue, Chatsworth, CA 91311-5807, USA). For improved reproducibility each 
image was registered on x, y, and z axis.  The axes were defined as the mid-sagittal plane, the 
trans-porionic plane, and a plane dissecting the inferior border of the orbits and the superior 
border of the auditory meatus.  The axial plane was aligned such that using the frontal and 
lateral views the plane transected the inferior border of the orbits and the superior border of 
the auditory meatus (see figures 1 and 3).  The sagittal plane was aligned with the midline of 
the face from a frontal view (see figure 1) and a line dissecting the cranial base from a 
superior view (see figure 2).  The coronal plane was registered by transecting the skull at the 
anterior portion of the auditory meatuses bilaterally (see figure 3).  Each subject was 
evaluated in a sagittal, coronal, and axial slice as well as a 3 dimensional projection 
simultaneously for all measurements and evaluations.   
The intersection of these three planes was set as (0, 0, and 0) and measurements were 
recorded in relation to this registration point.  After setting the registration point, the 
mandibular canal was visualized in all 3 planes of space.  The minimal distance from the 
buccal and lingual cortical plates to the nerve canal was measured on the right then the left 
side from pre-surgical CBCT data, and the minimal distance from the surgical fixation to the 
nerve canal and the amount of advancement as measured on the buccal surface at the site of 
the osteotomy was measured on the right then the left using the post-surgery data.  Using 
axial, coronal, sagittal and a 3 dimensional projection of the skull simultaneously (see figure 
4), each measurement was made by establishing the minimal distance in all 3 planes of space.  
The defined anatomical region of interest in our subjects was distal to the mental foramen 
and mesial to the posterior border of the ramus.  Digital markers were placed at the regions of 
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interest from which measurements were made (see table 1 and figure 4) for statistical 
analysis, as well as visualization of the distances.  Each individual marker was recorded in 
the X, Y, Z coordinate system and its relationship to the registration point (0, 0, and 0) was 
established.  Each point was then used to make direct linear measurements between the two 
points of interest (see figures 5 and 6).  Each subject was evaluated in a systematic and 
standardized way by the same researcher to minimize error.  The minimal distance between 
each point of interest was evaluated by establishing the smallest distance between the 
mandibular nerve canal and the other point of interest using 4 views simultaneously and 
placing a labeled digital marker at both points of interest.  These markers provided visual 
information as well as measurement data for each of the points of interest.  After all the 
markers were placed the pairs of interest were selected in the same order noted in Table 1 to 
evaluate the minimal linear distance between two points. 
To obtain reliability measures of the data obtained from the CBCT measurements a 
second set of measurements were taken in the same way described above.  This was 
performed by the same researcher using the registered CBCT data that was already imported 
into Dolphin 3D.  The intraclass correlation as well as a paired T-test was calculated from 
this information using the SAS software (see Table 2). 
Using SAS a general linear model was designed with the subject as a random effect to 
assess the effect of 3 dimensional linear distances for the right and left side (buccal cortical 
plate to inferior alveolar nerve canal, lingual cortical plate to inferior alveolar nerve canal, 
fixation placement to nerve canal, and length of the advancement) in relation to the 
longitudinal sensory alteration as indicated by the contact detection.  The 3 dimensional 
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linear distances were centered to control for collinearity and aid in interpretation of the 
results.   
An objective of the study was the determination of sample size to detect the effect of 
anatomical and surgical measures on the sensory recovery for contact detection at a single 
time point. Under a repeated measures design, the log transformed impairment ratios for 
contact detection on the right and left sides at 6 months post surgery were the outcome 
variables and the anatomical measures (distance from buccal cortical plate to mandibular 
nerve and distance from mandibular nerve to lingual cortical plate), and surgical measures 
(length of advancement and distance from fixation to mandibular nerve canal) were included 
as explanatory variables.   
The non-central version of the Wald χ² test was considered to compute the power. 
The Wald statistic was calculated using the generalized estimating equation (GEE) approach 
with an unstructured correlation structure among repeated measures by side (Zeger and Liang 
1986; Zeger, Liang et al. 1988; Rochon 1998). 
RESULTS 
Ten of our subjects were female (83.3%) and two were male (16.6%).  Nine of the 
subjects were Caucasians (75%), two were Hispanic (16.7%) and one was black (8.3%).  The 
mean age at the time of the mandibular surgery was 31.1 years of old (SD - 14.2). 
The agreement between the replicated 3 dimensional linear measures was excellent 
with the intraclass correlation coefficient ranging from 0.73 to 0.99.  The average difference 
for the replicated anatomical measures on the right side was statistically significant but the 
average difference was smaller than the resolution of the DICOM data (Table 2). 
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The average distance from the buccal cortical plate to the inferior alveolar nerve canal 
was not statistically different on the right and left sides (Table 3).  The difference between 
the right and left sides when measuring the lingual cortical plate to the inferior alveolar nerve 
canal was significant, but the average difference was less than 0.5mm.  As expected, the 
distance from the lingual cortical plate to the mandibular nerve canal was smaller than from 
the buccal cortical plate to the nerve canal.  During the surgical procedure, the amount of 
advancement tended to be smaller on the left then on the right, and the minimal fixation 
distance was also smaller on the left side than the right side, but these differences were not 
statistically significant (Table 3).  The reliability of the CBCT linear measures in all three 
dimensions of space was high (Table 2). 
By correlating the data obtained from the subjects contact detection and the 
measurements taken from the cone beam computed tomography data it is possible to 
establish associations between anatomical landmarks and surgically created points and the 
contact detection changes following surgery.  The comparison of the subjects contact 
detection and the three dimensional measurements taken for our preliminary study were used 
to estimate the sample size required to detect as statistically significant the relationships 
observed in this pilot data at 6 months post surgery.  The parameter estimates and covariance 
matrix of the estimators are provided in Table 5 and Table 6 . Setting the type I error to 0.05, 
the power to detect the effect observed in this pilot study and corresponding sample sizes are 
provided in or Table 7. 
DISCUSSION 
 Finding a specific relationship between anatomical and surgical factors associated 
with orthognathic surgery and post operative sensory alterations has the potential to improve 
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outcomes for patients if specific factors can be identified that affect sensory recovery 
following surgery.  This preliminary study evaluated a methodology for calculation of 
relevant anatomical and surgical 3D linear measures that may be related to sensory 
alterations following surgery.  The small sample size limited the analysis to an exploratory 
evaluation to provide estimates for sample size calculation.  This pilot study did illustrate a 
novel and reliable way to evaluate potential mandibular anatomical and surgical factors that 
may be related to post surgical sensory alterations. 
 One consideration for our study is that the mean distance from the buccal cortical 
plate to the mandibular nerve canal in our subjects was 2.08mm on the right side and 2.35mm 
on the subjects left side (see Table 3) which is outside the guidelines previously noted to be 
0.8mm (Yamamoto, Nakamura et al. 2002) by Yamamoto. 
Initially it was anticipated that a measurement of the distance from the osteotomy site 
to the nerve canal might be an important explanatory factor, but in these twelve subjects the 
nerve canal coincided with the osteotomy cuts.  While some surgical procedures to advance 
or setback the mandible avoid the inferior alveolar canal, the procedure performed for each 
of the subjects in our study separated the mandibular segments at a location that involved the 
inferior alveolar canal.  All of these subjects received a bilateral sagittal split osteotomy 
which coincided with the mandibular nerve canal and still showed recovery of sensation 
which provides evidence that communication of the osteotomy and the inferior alveolar nerve 
canal is not necessarily a factor in sensory alterations following surgery. 
 One difficulty with post surgical DICOM data interpretation and measurement is 
noise in the region of the osteotomy cuts.  Following surgery a combination of factors such 
as inflammation, bone remodeling, and bone removed during the surgery contribute to 
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decreased detail and ease of visual analysis.  This makes it especially important to use a 
standardized and consistent method of evaluation of the 3 dimensional images when working 
with post surgical data.  One advantage of using CBCT rather than a spiral CT scan is that 
the noise from dental restorations and surgical fixation is minimized.  This is due to the 
projection of the radiation in a cone versus a slice which contributes to increased accuracy 
and reliability of the data being interpreted. 
Measuring the distance of the mandibular advancement was done by measuring the 
distance of separation of the anterior and posterior portion of the mandible at the osteotomy 
site along in the inferior and buccal portion of the mandibular body.  It was not possible in 
this study to measure the change by using a landmark located on the chin as one of the digital 
markers as the chin was not imaged in all of our subjects, and some subjects received a 
genioplasty.  The limitation of using the distance along the inferior buccal cortical plate at the 
site of the osteotomy is that the bone may not have been equally removed during the surgery.  
Another related consideration is that any rotations to the anterior portion of the mandible 
would either increase or decrease the apparent advancement.  If the mandible was rotated 
down and back the advancement at the mandibular nerve canal would have been more than 
what was measured at the inferior portion of the mandible, whereas if the mandible was 
rotated up then the amount measured at the inferior portion of the mandible would be more 
than what actually happened at the level of the inferior alveolar nerve canal.  While this may 
not be a clinically relevant component of the surgery, it does introduce some error to the 
distances measured for the advancement of these subjects.  This would be most important 
when considering that altered nerve sensation has been previously attributed to compression 
or stretching of the nerve during surgery (Teltzrow, Kramer et al. 2005; Kim and Park 2007). 
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CONCLUSION 
 The methodology established in this study will allow for a detailed 3 dimensional 
evaluation of CBCT images assessing the anatomical relationships in the mandible as well as 
distances between points of interest established from surgical procedures.  This method of 
evaluation of the 3D CBCT data to measure anatomical and surgical factors is reliable and 
may be useful in looking for associations between the above mentioned factors and objective 
measures of altered sensation such as contact detection thresholds. 
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Table 1.  Digital Markers were placed at the following locations to obtain the 3D linear measures.  The 
measurements were made in the following order for each subject. 
1 Right Side - Buccal Cortical Plate to Mandibular Nerve 
2 Right Side - Mandibular Nerve to Lingual Cortical Plate 
3 Left Side - Mandibular Nerve to Lingual Cortical Plate 
4 Left Side - Buccal Cortical Plate to Mandibular Nerve 
5 Right Side - Length of advancement 
6 Right Side - Distance from Fixation to Mandibular Nerve Canal 
7 Left Side - Length of advancement 
8 Left Side - Distance from Fixation to Mandibular Nerve Canal 
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Table 2.  Reliability & Systemic Differences for Replicated 3D CBCT measures. 
 Mean Std Dev P-Value Intraclass Corr. 
Anatomical Measures 
Right Side     
Buccal Cortical Plate to IAN -0.21 0.27 0.02 0.90 
Lingual Cortical Plate to IAN 0.22 0.31 0.04 0.73 
Anatomical Measures 
Left Side     
Buccal Cortical Plate to IAN 0.11 0.28 0.21 0.95 
Lingual Cortical Plate to IAN 0.13 0.31 0.19 0.73 
Surgical Measures 
Right Side     
Advancement 0.00 0.41 1.00 0.99 
Fixation to IAN -0.33 0.70 0.13 0.92 
Surgical Measures 
Left Side     
Advancement 0.06 0.48 0.67 0.98 
Fixation to IAN -0.13 0.48 0.38 0.88 
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Table 3.  Descriptive statistics for the anatomical and surgical measures taken from the 3D CBCT images. 
 Right Side Left Side Differences P-Value 
Anatomical Measures Mean SD Mean SD Mean SD  
Buccal Cortical Plate to IAN 2.08 0.71 2.35 0.093 -0.27 0.62 0.17 
Lingual Cortical Plate to IAN 1.73 0.58 1.34 0.48 0.39 0.51 0.02 
Surgical Measures        
Advancement 6.08 2.74 4.86 2.8 1.22 3.14 0.21 
Fixation to IAN 3.1 2.63 2.23 0.97 0.88 2.16 0.19 
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Table 4.  Descriptive statistics for Impairment in Contact Detection after Surgery. 
Time Right Side Left Side Differences P-Value 
 Mean SD Mean SD Mean SD  
6 Weeks 
-0.21 1.10 -0.75 1.08 0.54 1.75 0.31 
3 Months 
-1.78 0.85 -0.98 1.26 -0.80 1.08 0.03 
6 Months 
-2.17 0.65 -2.29 0.27 0.12 0.68 0.55 
1 Year 
-2.17 0.44 -2.34 0.16 0.17 0.41 0.19 
2 Years 
-2.15 0.52 -2.08 0.81 -0.07 -0.98 0.80 
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Table 5.  Parameter Estimates at 6 Months. 
Effect Side Estimate 
Standard 
Error DF t Value Pr > |t| 
Intercept  -0.3637 0.2209 11 -1.65 0.1278 
Buccal  0.09922 0.08081 11 1.23 0.2451 
Lingual  -0.02635 0.1070 11 -0.25 0.8100 
Advancement  0.03335 0.01734 11 1.92 0.0807 
Fixation  -0.01750 0.01962 11 -0.89 0.3915 
Side L -0.1512 0.1127 11 -1.34 0.2067 
Side R . . . . . 
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Table 6.  Covariance Matrix for Parameter Estimators at 6 Months. 
Effect  Intercept Buccal Lingual Advancement Fixation 
Side 
L 
Side 
R 
Intercept  0.04878 -0.00540 -0.01153 -0.00237 -0.00016 -0.00603 . 
Buccal  -0.00540 0.006530 -0.00457 -0.00013 0.000168 -0.00355 . 
Lingual  -0.01153 -0.00457 0.01145 0.000538 -0.00067 0.005777 . 
Advancement  -0.00237 -0.00013 0.000538 0.000301 -0.00004 0.000579 . 
Fixation  -0.00016 0.000168 -0.00067 -0.00004 0.000385 -0.00001 . 
Side L -0.00603 -0.00355 0.005777 0.000579 -0.00001 0.01269 . 
Side R . . . . . . . 
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Table 7.  Sample Size and Power at 6 Months (Type 1 Error 0.05). 
Sample Size Critical Value DF 
Non-centrality 
Parameter Power 
12 9.487729 4 6.5145962 0.5066704 
24 9.487729 4 26.058385 0.9918812 
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Figure 1. Frontal view of CBCT image for registration.  The axial plane runs along the inferior border of the orbits.  
The Mid-Sagittal plane dissects the midline of the face.
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Figure 2. Superior view of CBCT image for registration.  The Mid-Sagittal plane runs along the midline of the skull at the cranial 
base.  The Coronal Plane runs along the anterior border of the meati.
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Figure 3. Lateral view of CBCT image for registration.  The Axial Plane is registered along the superior border of the auditory 
meati and inferior border of the orbits.  The coronal plane is lies along the anterior border of the auditory meati.
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Figure 4. Measurements were made with the Coronal, Sagittal, Axial and a 3D projection of the CBCT data visualized 
simultaneously.  In the slices up to 4 digital markers are noted with the marker of interest centered in the crosshairs on each slice.  
In the 3D projection all 8 digital markers are able to be seen with the selected marker centered in the reticule.
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Figure 5. Close up view of digital markers placed for measurement of the minimal distance from the buccal cortical plate to the 
mandibular canal..
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Figure 6. Close up view of a measurement made for the minimal distance from the mandibular nerve canal and the closest 
fixation screw.
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